Abstract: Primary immune thrombocytopenia (ITP) is a bleeding disorder that conventionally has been treated with steroids or other immunosuppressive treatments.
Introduction
The thrombopoietin (TPO) pathway is the primary signaling mechanism driving platelet production. 1 In healthy individuals, the pathway is activated during periods of elevated platelet consumption to maintain platelet levels. 2 However, patients with immune thrombocytopenia (ITP) cannot mount a robust TPO-mediated response to compensate for the immune-mediated destruction of platelets, which leads to a net decrease in platelet counts that may lead to bleeding symptoms. [2] [3] [4] TPO receptor agonists (TPO-RAs) are medications that bind and activate the TPO receptor (TPO-R). Two TPO-RAs, eltrombopag and romiplostim, have been approved in the United States and European Union for the treatment of chronic ITP. Although both TPO-RAs have high tolerability and response rates, a minority of patients do not benefit from their first prescribed TPO-RA. 5 On the basis of the assumption that treatment with the alternate TPO-RA will have the same outcome, these patients are sometimes splenectomized or treated with agents that are not approved for use in ITP. Splenectomy may produce durable responses in many patients with ITP; however, it is associated with short-term surgical complications and lifelong increased risk of infections and thrombosis. 6, 7 Treatment with the anti-CD20 antibody rituximab may lead to long-term remission in selected patients with ITP when used concomitantly with steroids but has a limited overall response rate and duration in the general ITP population. [8] [9] [10] Other agents, including azathioprine, cyclosporine A, cyclophosphamide, and mycophenolate mofetil, may produce responses that are highly variable in individual patients and are also associated with significant toxicities. 3 However, because of their distinct pharmacodynamic and pharmacokinetic properties, eltrombopag and romiplostim do not have identical safety and efficacy profiles in individual patients with ITP. Therefore, in patients who are refractory or resistant to their first TPO-RA treatment, switching to the alternate TPO-RA may be a better option than prescribing third-line therapies.
In this review article, we compare the mechanisms of action of eltrombopag and romiplostim, review the clinical data for patients who have switched TPO-RA therapy, and discuss practical considerations.
TPO-RAs: mechanisms of action
The peptide cytokine TPO is a critical regulator of thrombopoiesis and megakaryopoiesis. TPO binds its membrane receptor, found on hematopoietic progenitors, including megakaryocytes, and activates the signal transducer and activator of transcription (STAT) 3/5, AKT, and mitogenactivated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK) pathways. 11 The Janus kinase/STAT3/5 pathways are known to promote megakaryocyte differentiation, survival, and expansion. Although balanced activation of the AKT and ERK pathways increases platelet formation, disruption of this balance may have the opposite effect. 12 Endogenous TPO and TPO-RAs act on the same receptor; however, each have notably different effects on megakaryocyte and platelet function ( Figure 1 ). [11] [12] [13] [14] [15] Eltrombopag is an oral, small-molecule TPO-RA with a unique transmembrane binding site on the TPO-R. [11] [12] [13] Eltrombopag does not compete with endogenous TPO for Figure 1 . Thrombopoietin receptor (TPO-R) activation by TPO, romiplostim, and eltrombopag. TPO-Rs are found on the cell membranes of multiple cell types in the bone marrow, including multipotent hematopoietic stem cells, common myeloid progenitors, and megakaryocytes. 11 (A) Upon binding to its receptor on the cell membrane, TPO activates the downstream STAT3/5, AKT, and ERK pathways, which may lead to increased megakaryocyte proliferation and increased platelet production. 11 (B) Eltrombopag (EPAG) binds to the transmembrane domain of the TPO-R and strongly activates all TPO-R downstream pathways, leading to a robust increase in both megakaryocyte proliferation and platelet production. 12, 13 In addition, eltrombopag has TPO-R-independent activities, such as strong iron chelation, which may confer antileukemic effects; 14, 15 however, it is not known whether these activities have any important clinical implications for patients with ITP. (C) Romiplostim (ROM) competes with TPO for the extracellular TPO-R binding site, and it induces stronger activation of the AKT pathway than the STAT and ERK pathways, which favor megakaryocyte proliferation rather than platelet production. 12, 13 journals.sagepub.com/home/tah 3 receptor binding and, thus, may have additive effects, even in patients with increased endogenous TPO levels. 11 It activates STAT3/5, AKT, and ERK proportionally but at a higher level than TPO and therefore enables marked upregulation of both thrombopoiesis and megakaryopoiesis. 13 In addition, eltrombopag may be able to bypass the interferon γ-mediated blockade of TPO-R signaling, which is thought to be involved in the loss of stem cells in aplastic anemia. 16 Based on preclinical evidence, the proinflammatory cytokine interferon γ forms neutralizing heterodimers with endogenous TPO that block the extracellular binding site of the TPO-R; however, owing to its unique transmembrane binding site, eltrombopag can evade this blockage. 16 If supported by clinical data, these findings could explain why eltrombopag is effective in aplastic anemia, in which endogenous TPO levels are significantly elevated, but also have important clinical implications for other hematologic disorders involving chronic inflammation. 16, 17 Independent of its TPO-RA activity, eltrombopag is also a strong iron chelator, able to decrease oxidative stress, and has shown antileukemic effects in preclinical studies. 14, 15, 18 However, there is no evidence suggesting a therapeutic role for eltrombopag-mediated iron chelation in patients with ITP. Eltrombopag has a half-life of 26-35 h in patients with ITP and is administered orally once daily. 19 Romiplostim is a peptide TPO mimetic that binds to the TPO-R at the extracellular TPO binding site. 13 Romiplostim induces a stronger activation of the AKT pathway than the STAT and ERK pathways, which leads to proliferation of immature megakaryocytes that have a reduced capacity for platelet production. 13 Romiplostim has a median half-life of 3.5 days (range, 1-34 days) and is administered subcutaneously once weekly. 20
Switching: clinical data
We identified 18 journal publications that reported retrospective findings in 401 patients with ITP who switched their TPO-RA therapy (Table 1) . [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] In a pooled analysis of these studies, lack of efficacy was identified as the primary reason for switching in 58% of patients (172/295). Nonefficacy-related reasons for switching included adverse events (AEs), patient preference, and platelet count fluctuations. Response rates after switching were available in 209 patients, and 162 of those (77.5%) achieved or maintained a platelet response. Nearly all patients (93% [87/94]) who switched TPO-RAs due to reasons other than lack of efficacy maintained their response after switching. Importantly, a high response rate (65% [72/111]) and improved platelet counts were observed even if switching was due to lack of efficacy with the first TPO-RA. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] The outcomes of switching were similar regardless of the direction of the switch (i.e. eltrombopag to romiplostim or romiplostim to eltrombopag); however, the reasons for switching were different for eltrombopag and romiplostim. Although the rate of switching due to safety and tolerability considerations was comparable between the two TPORAs (20-30%), switching due to platelet count fluctuations was reported exclusively in patients who received romiplostim. Among 20 patients who switched to eltrombopag due to platelet count fluctuations, 14 (70%) attained a response. Patient preference was a major driver of switching from romiplostim to eltrombopag. Preference for an oral versus subcutaneous route of administration, complexity of use of romiplostim vials, and affordability of therapy were reported as considerations prompting patients to request switching to eltrombopag. 24, 25, 28 In addition to the aforementioned studies, Cantoni et al. recently conducted a statistical analysis on the findings from 106 patients who switched TPO-RA agents at 17 collaborating centers in Italy between 2009 and 2015. 23 The results were consistent with previously published data. In 67% of patients, the switching of TPO-RA was conducted after a lack of efficacy with the first TPO-RA. Overall, 65% of patients responded upon switching; the two TPO-RA switch sequences were equally effective. Patients who switched for non-efficacy-related reasons were more likely to maintain a response than those who switched for efficacy-related reasons (80% versus 57.8%; p = 0.03). Age, sex, and splenectomy status were not significantly associated with the outcomes of switching, while increased disease duration (p = 0.066) and higher number of lines of prior therapy (p = 0.02) were negatively associated with the probability of a response. Platelet fluctuations and patient preference resulted in switching from romiplostim to eltrombopag, except for two patients who switched from eltrombopag to romiplostim due to platelet fluctuations.
Overall, the available data clearly demonstrate that switching to the alternate TPO-RA may be a favorable approach, even when the patient did not adequately respond to the initial TPO-RA.
Switching: clinical considerations and recommendations
In clinical practice, the decision to discontinue TPO-RA treatment is made for several reasons (Figure 2 ).
• Lack of efficacy: platelets <30 × 10 9 /l or less than twice the baseline value after 4 weeks of treatment with the highest approved/tolerable dose. 3 Based on the prior response with the treatment, lack of efficacy may involve a treatment failure or loss of response.
• Platelet fluctuations: no standard definition exists but may be empirically defined as more than two weekly platelet counts that are below 30 × 10 9 /l or above 400 × 10 9 /l in a month and a mean change of >200 × 10 9 /l in weekly platelet counts in the absence of rescue treatment, and despite best efforts to optimize dosing. For example, romiplostim was given to a 70-year-old patient diagnosed with ITP, and highly fluctuating platelet counts were observed during the first few months of dose adjustments. 39 Figure 2 . Switching considerations. In clinical practice, the decision to discontinue TPO-RA treatment could be made due to lack of efficacy, platelet fluctuations, safety and tolerability, or other factors. A trial with the alternate TPO-RA is often a plausible next step; however, a careful risk assessment and evaluation of non-TPO-RA options may be needed for patients who needed to discontinue the first TPO-RA due to adverse events related to the TPO-RA drug class.
AC, anticoagulant; MF, bone marrow fibrosis; TEE, thromboembolic events; TPO-RA, thrombopoietin receptor agonist. *Immunosuppressive therapy with agents such as mycophenolate mofetil, cyclophosphamide, or azathioprine or other drugs, including danazol or vinca alkaloids. † Doses above 75 mg/day for eltrombopag and 10 μg/kg/week for romiplostim have not been approved for patients with immune thrombocytopenia. ‡ Data from reviewed studies were not sufficient to support the reduced platelet fluctuations associated with eltrombopag after switching to romiplostim. Nevertheless, a trial with romiplostim may be considered before switching to a non-TPO-RA option.
Platelet counts increased from 23 × 10 9 /l to >50 × 10 9 /l with 1-2 μg/kg romiplostim. Platelet counts subsequently dropped and dosage was adjusted to 3 μg/kg; the platelet counts rose to 160 × 10 9 /l, but a marked drop to <10 × 10 9 /l was observed 1 week later. This large fluctuation occurred another two times after dosage was adjusted to 4 μg/kg. Romiplostim was later discontinued and immunoglobulin G rescue therapy was administered; romiplostim was later re-initiated and the patient's platelet counts steadily increased over the next 3 months. The decision to discontinue treatment upon platelet fluctuations is at the discretion of the treating physician and should be based on the benefits of the treatment and potential risks of bleeding and thrombosis due to fluctuations. For some patients, fluctuations resulting in platelet counts >400 × 10 9 /l could be tolerated if the benefits of the treatment outweigh the risk.
• AEs: ⩾1 clinically significant AE that is not manageable by treatment interruption or dose optimization and justifies treatment discontinuation.
• Other: may include patient preference, cost of treatment, or availability.
A trial with the alternate TPO-RA appears to be a plausible next step after discontinuation of the initial TPO-RA, regardless of the cause of discontinuation.
It is important to recognize whether the lack of efficacy is due to drug refractoriness or loss of response, because it can help predict the response to the alternate TPO-RA. Patients who lost their response to the first TPO-RA (i.e. resistant) may be more likely to benefit from switching than patients who never responded (i.e. refractory) to the first TPO-RA. 23 For example, antiromiplostim antibodies that may neutralize romiplostim activity have been detected in patients receiving romiplostim. 40 Patients who are resistant to romiplostim due to the development of neutralizing antibodies may be more likely to respond to eltrombopag. Development of resistance to TPO-RAs may also occur in the absence of neutralizing antibodies through mechanisms that are not fully understood. 40 If the use of a TPO-RA resulted in no increased platelet counts, even at the highest approved dose, a response with the alternate TPO-RA is still feasible, but relatively less likely (33%-59%). 23, 25 Some patients who do not respond to either TPO-RA may have a complex disease mechanism that requires a combination treatment approach. The addition of immunosuppressive agents to TPO-RAs has been shown to be effective in multirefractory patients for whom all standard single-agent treatments for ITP had failed. 41 Platelet fluctuations are more common with romiplostim, possibly due to longer dosing intervals and inconsistent delivery associated with subcutaneous administration. 31 In particular, splenectomized patients may be more prone to platelet fluctuations, as the spleen plays a role in stabilizing platelet counts. 23 Most patients who experience platelet fluctuations with romiplostim may be stabilized by switching to eltrombopag. 24 From our review, two patients were identified who switched from eltrombopag to romiplostim due to platelet fluctuations, and only one had their platelet fluctuations resolved almost completely. 23 Nevertheless, in these patients, a trial with romiplostim may be logical before considering non-TPO-RA options.
For patients experiencing AEs with a TPO-RA that cannot be managed by dose adjustments or interruption, the alternate TPO-RA could be considered. This should be feasible, as eltrombopag and romiplostim have nonoverlapping safety profiles. The most common AEs reported with eltrombopag are nausea, diarrhea, upper respiratory tract infections, vomiting, increased alanine aminotransferase, myalgia, and urinary tract infections. 19 With romiplostim, the most commonly reported AEs are arthralgia, dizziness, insomnia, myalgia, pain in extremity, abdominal pain, shoulder pain, dyspepsia, and paresthesia. 20 For certain AEs that may be associated with the TPO-RA drug class, including bone marrow reticulin deposits and thromboembolic events (TEEs), a washout period may be recommended before switching to the alternate TPO-RA. In patients who develop significant bone marrow reticulin deposits (i.e. European Consensus scale MF-2 to MF-3), use of any TPO-RA should be avoided until reticulin deposits and associated clinical symptoms are resolved.
It is not clear whether patients who experience TEEs during TPO-RA therapy should switch to a different medication class. A recent retrospective study suggested that in patients receiving TPORAs, a good prognosis with thrombotic events is common and not linked with TPO-RA withdrawal. 42 Thus, if a TPO-RA has been discontinued after reports of TEEs, the decision to switch to the alternate TPO-RA or start using a different medication class should be made based on a personalized evaluation of benefits and risks. Several factors may favor a trial with the alternate TPO-RA-for example, if the patient was refractory to non-TPO-RA options, if the TEE was considered related to platelet fluctuations, or if the patient has an immediate risk of bleeding due to anticoagulant therapy for the TEE. Switching to the alternate TPO-RA should be avoided if the risk of TEEs outweighs the benefits of TPO-RA treatment or if there are better treatment options available for the patient.
Although there are no clinical data showing that patients remain at high risk for TEEs or bone marrow reticulin deposits after switching to the alternate TPO-RA, it would be prudent to consider this possibility, and patients should continue to be monitored accordingly.
A non-TPO-RA treatment would be the best option in patients who cannot tolerate TPO-RAs or who have no measurable improvement in platelet counts with either eltrombopag or romiplostim. However, if TPO-RAs are well tolerated and partially effective (platelet counts significantly higher than baseline but <30 × 10 9 /l), there might be other options to consider before moving on to a non-TPO-RA treatment. First, adding an immunosuppressive therapy, such as mycophenolate mofetil, cyclophosphamide, or azathioprine or other drugs (e.g. danazol or vinca alkaloids), may augment the response to a TPO-RA. 41, 43 Second, higher doses of eltrombopag could be considered if romiplostim is not an option, even if higher doses appeared to be noneffective in a retrospective analysis in multirefractory patients. 41 However, preliminary results of an ongoing study (n = 35) suggest that eltrombopag at doses >75 mg/day could potentially be used in some patients with ITP who do not respond to doses <75 mg/day. The maximum recommended dose on the label is 75 mg/day for ITP and 150 mg/day for patients with severe aplastic anemia. 44 
Conclusions
The TPO-RAs eltrombopag and romiplostim are effective and well-tolerated treatment options for patients with chronic ITP. Because they belong to the same therapeutic class and have comparable efficacy and safety profiles, there may be a misconception that if one agent fails to demonstrate a response, the alternate will also fail. However, these two TPO-RAs have distinct pharmacokinetic and pharmacodynamic properties and therefore may have different effects in individual patients.
In available studies, >75% of patients who switched to the alternate TPO-RA maintained or achieved a response. The rate of response was higher in patients who switched due to AEs or preference than in patients who switched due to lack of efficacy. There is also a proportion of patients who may be refractory or resistant to both TPO-RAs. The characteristics of these patients and the underlying mechanisms of TPO-RA failure are not well understood. In patients with multirefractory ITP, single-agent treatments may not be sufficient to counter the potent immune response to platelets: adding a concomitant immunosuppressant may be a useful approach. 41, 45 The safety profiles of the two available TPO-RAs do not completely overlap, which allow clinicians to consider switching TPO-RAs due to tolerability issues. In patients who switch due to rare class-related AEs, a drug washout period and careful monitoring are recommended.
In summary, switching to the alternate TPO-RA can be an appropriate treatment strategy in patients with ITP, even if they do not achieve or sustain an adequate response with the first TPO-RA.
